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INTRODUCTION
Free radical chem istry has fascinated chem ists fo r many years. 
O f particu lar in terest are the m igrations or rearrangem ents of the 
free radicals. This has been well documented in the cases of carbon 
centered radicals involving the 1,2 sh ift of an aryl group. 
Rearrangements of this type are known as carbon or C-neophyl
re a rra n g e m e n ts1-2 (fig. 1). 
Fig- 1:
*2
(i) («)
The increased stability of (ii) vs. (i) is c lear when relating it to the 
sim ila r 1,2 aryl sh ifts  of carbocations3(fig.2), whereby the 3° cation 
is in a lower energy state and thus, in a more stable conform ation than 
the 1° cation.
Flo- 2 :
^ - C  -CH2+ --------------—  RrC-CH2
k  *
1° cation 3° cation
In th is light, em erged another type of rearrangem ent, nam ely the O- 
neophyl rearrangem ent, involving the free radical centered on the
oxygen, undergoing an aryl 1,2 shift4,5 (fig. 3).
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FIp. 3: Fig. 4:
This type of aikoxy radical rearrangement has not been extensively 
studied, and in order to examine the proposed bridged radical 
in term ediate (fig.4) by transient absorption spectroscopy6, the goal of 
th is paper is to outline the synthetic steps of various peroxides and 
e the rs .
RESULTS AND DISCUSSION
The prim ary peroxides synthesized in th is experim ent were trity l 
t-butyl peroxide and trisb iphenyl-t-butyl peroxide. They were chosen 
specifica lly  fo r the ir aryl system in the hopes that it would stabilize 
the bridged radical interm ediate. The trity i-t-b u ty l peroxide was 
prepared by the procedure illustrated in scheme 1, by Kharascft a t a l7. 
Scheme 1:
CH,
/Dk\ 0 /-SLJ . ' CH3COOH
(Ph)3COH + H O O -C-CH 3 ------------------ (Ph)3COO -c -(C H , )
CH3 hcio4 3
Trace im purities of phenol and benzophenone, which would a ffect 
spectroscopic studies, were removed by chrom atographic separation. 
The purity o f the peroxide was then checked by HPLC. No benzophenone 
(<.2%) was detected.
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9 outlines the reaction steps o f trisb iphenyl-t-butyl
peroxide.
1. o o + Na(s) 4- EtOCOOB
(0
9 Hs
hoo-c -ch3
ch3
08,0008
HOQ, COOC(CHi)s
The biphenyl chloride was recrystallized from ethanol, anr* used to 
prepare the trisbiphenyl alcohol by the method described „y  W iselogle 
and Bachm ann8. E arlier attem pts to synthesize (i) by substituting 
biphenyl brom ide fo r biphenyl chloride resulted in a s ignificantly 
lower yie ld of (i) (13-15% ), and attem pts to synthesize (i) by scheme 3 
failed to produce the alcohol in yields greater than 2%.
Schama 3:
00Br + rv0uU + BOCOOB COH
The trisbiphenyl alcohol was then suspended in glacial acetic acid with 
t-butyl hydroperoxide, and cooled. When the catalyst, HCIO4 was 
added to the solution, the m ixture im m ediately turned pink, due to the 
form ation of the trisb iphenyl cation. A fter approxim ately 12 hours of 
stirring a t room tem perature, the m ixture was poured on to ice and 
filtered. The lavender solid was purified by chrom atographic
separation to remove traces of the biphenyl ketone side product and 
was then crysta llized from pet. ether.
In order to check for trace im purities in the trisb iphenyl-t-butyl 
peroxide, an authentic sample of the biphenyl ketone was made, with a 
slight variation to Schenk and Bergm ann's preparation.9 This compound 
later proved to be useful in the laser studies. Scheme 4 . outlines the 
reaction steps fo r biphenyl ketone.
(1),° (X>“* ♦ O O -c o c ,
(2 )
OO-OO-
Attem pts to repeat Gom berg's prepartion of d itrity l peroxide11, 
were unsuccessful. The only product isolated was triphenyl methanol.
The final two compounds prepared were a -phenyl ethyl phenyl 
ether and phenyl-diphenylm ethyl ether. The form er was sim ply
prepared by follow ing the procedure by Hart and E leuterio12 as shown 
in iW im m
Phenyl-diphenyl methyl ether (i) hopever, proved to be the most 
challenging synthesis of all. Com plications were later a ttributed to
m isinterpretation of the 1H-NMR spectra's singlet at 6.2 ppm and 5.7 
ppm, and the d ifficu lty in isolating and recrystallizing the low 
melting product. The firs t few attem pts at synthesizing the ether
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were carried out according to the preparation by Schotig in1 5 as 
illustrated in schem a a:
(i)
S tarting m aterials w ere iater purified (fresh ly d istilled phenol and 
snow -white crysta ls o f sublim ed diphenylbrom om ethane) and reaction
times were increased. A crude 1H-NMR spectra indicated a strong 
singlet at 6.2 ppm and a smaller singlet at 5.7 ppm among many side 
products. The peak at 5.7 ppm was interpreted as a small am ount of the 
ether, since P I^C H O H  has a chemical shift of 5.7 ppm. The starting 
m aterial, diphenylbrom om ethane exhibited a singlet at ca. 6.3 ppm, thus 
incorrectly indicating that the reaction d idn 't go to com pletion. The
reaction oy W ittig and C lausnizer14 was also attempted, as shown in
schema 7:
However, an 1 H-NMR of the crude residue was very sim ilar to the one 
o f the previous synthesis. Everything fina lly became clear a fter the 
follow ing synthesis was carried out, as described by Busch and K noll15.
6-
Note: the diphenyldiazom ethane was obtained from a form er graduate 
student, Yu Zho Li.
The resulting residue was also an orange-red color as in previous
attempts, but more importantly, the 1H-NMR of the crude product 
displayed a strong singlet at 6.2 ppm . Therefore by elim ination, this 
peak could not be biphenylbromomethane, and must in fact, be the 
desired ether. At th is point, the pure starting m aterial spectra and the 
crude product's NMR were overlapped, and the peaks were found to be 
separated by 1/10 ppm. The ether had indeed formed, but was 
d ifficu lt to separate and purify, since it has a low m elting point. 
Chrom atographic separation with a solvent system of 5% ethyl 
acetate in hexane, yielded the ether in the second fraction. Careful 
recrysta llization from  ethanol also yields pure ether.
This collection of various compounds were used in the study of O- 
neophyl rearrangem ents. For more inform ation and details on the 
resu lts of the trity l-t-b u ty l peroxide, trisb ip h e n y l-t-b u ty l peroxide 
and biphenyl ketone, please refer to referenoe 6. The u-phenyl ethyl 
phenyl ether and phenyl-diphenyl methyl ether results were 
incon c lu s ive .
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EXPERIMENTAL
G enera l: 1H-NMR spectra were recorded on a Varian XL-200 
(200MHz), and IR spectra were obtained on an IBM FT-IR 32 
instrum ent. The m elting points were determ ined on a m elting point 
apparatus and are uncorrected. Mass spectra were obtained from the 
University of Illinois Mass Spec, lab, and a Hewlett Packard G.C./M.S. 
using an HP-1 capillary column. Chrom atographic separations were 
conducted on 2mm silica plates w ith a chrom atatron. Elem ental 
analysis were perform ed by the University of Illinois A nalytical lab.
All chem icals were used as purchased, unless otherwise specified.
T ritv l-t-bu tv l peroxide: This compound was prepared by the 
condensation of triphenylm ethanol and 70% t-butyl hydroperoxide and 
catalyzed by perchloric acid, according to the procedure outlined by 
Kharasch et a l7. The crude product (98% yield) was recrystallized 
from petroleum ether, and resulted In a fine white powder (31% ), 
mp.70-72°C. Benzophenone was reported previously as an im purity. 
This was removed by chrom atographic separation. The solvent system 
was 15% ethyl acetate/hexane and the peroxide was collected in the 
firs t fraction. A fter removing the solvent in vacuo, a pure, white 
powder remained, mp. 71-72.5°C. Lit. mp. 72-73° C. The peroxide was 
also checked for purity by HPLC (reverse-phase, 25 cm cyano column, 
20% H2O in CH3CN). The absorbance was monitored at 266 nm. No
benzophenone (< 0.2%) was detected. 1 H-NMR (COCI3): 6 7 .5-7.2 (m 
16H), 1.0 (s9 H ).
Trisb iphenvl a lcoho l: The starting m aterial, biphenyl chloride was
recrystallized from ethanol (mp. 74-75° C), before follow ing the 
synthesis described by Bachman and W iselogle 8.
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V ariations to their procedure were carried out follow ing the hydrolysis 
of the crude product. This was then extracted with methylene 
chloride and the organic layer was dried over anhydrous magnesium 
sulfate. Following a hot filtra tion with benzene, a sm all am ount o f 
hexane was added to aid crystallization. The resulting orange-yellow 
solid was recrystallized a second time with benzene/hexane. The 
trisbiphenyl alcohol was now an ivory powder, mp. 210-210.5° C (32% 
yield). The alcohol was characterized by an earlier preparation which 
underwent the same reaction w ith the only d ifference being that the 
biphenyl bromide was substituted for biphenyl chloride. This variation 
resulted in a 13-15% yield, mp. 205-208°C. Lit. mp. 208-210°C. IR  
(nujol, cm *1): broad OH stretch 3500-3300. Mass spectrum: m/e: 488 
(parent), 335 (57%), 181 (base). Anal, calcd. for C37H28O: C, 90.95 %;
H, 5.78%. Found: C, 89.82%; H, 5.84%.
T risb iph e n v l-t-bu tv l peroxide: The trisbiphenyl alcohol (.545g,
I . 11 mmol) prepared as described in the procedure above, was 
suspended in g lacia l acetic acid(10m l) with 90%  t-butyl hydroperoxide 
(.26ml) and stirred m agnetically, w hile externally cooled to ca. 15° C. 
Ten drops of a 10% HCIO4/ g lacial acetic acid solution were carefully 
added to the suspension. The solution immediately turned pink and 
was stirred at room tem perature for 12 hours. The resulting m ixture 
was poured on to 100 ml ice-water and filtered. The crude product was 
a lavender solid , and was purified by chrom atographic separation on a 
chrom atatron. A 15% ethyl acetate/hexane solvent system was used and 
the firs t fraction collected yielded .341 g (55%) of the peroxide.
W hite, snow flake crysta ls resulted after recrysta lliza tion  from  pet. 
ether, mp. 84-86°C. (This compound was not previously prepared).
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Trisb iphenyl-t-butyl peroxide was characterized from  a previous run, 
which gave a lower yield (32%) mp. 80-84°C. 1H-NMR (CDCl3):«1.03 (s 
9H), 7.25*7.7 (m 28H). Mass spectrum: m/e: 487 (5.15%), 170 (base). 
No molecular ion could be detected. Anal, calcd. for C ^ H g g C ^ :
C, 87.82%; H, 6.47%; active 0 , 1.43%. Found: C, 87.61%; H, 6.41%; 
active O, 1.53%.
Biphenyl acid chloride: To an oven-dried 250 ml round-bottom  flask 
fitted w ith a drying tube, was added biphenyl carboxylic acid (4.0 g, .02 
mol) which was suspended in dry benzene (100 ml)* and stirred w ith a 
m agnetic s tir bar. Oxalyl chloride (2.6 ml, .024 mol) was slowly added 
to the flask and followed by 3 drops of dry dim ethylform am ide. As the 
m ixture stirred at room tem perature for 3.5 hrs, the suspension turned 
from a cloudy, ivory color to a clear golden solution. Excess oxalyl 
chloride was then carefully evaporated on the rotary evaporator 
w ithout any added heat or water. Benzene was then removed w ith the 
application of a steam bath. The resulting golden solid was allowed to 
dry under a high vacuum for 2.5 hrs. Crude biphenyl acid chloride was 
produced in high yield (99%), mp. 109-110° C. L it.16 mp. 110-112° C. 
IR (nu jo l.cm *1): 1767.
* note: the volume of the flask should be at least tw ice the volum e of 
the benzene used, due to the evolution of gases.
D i-(4 .4'-b iphanvh ketone: This compound was prepared by the method
stated by Schenk and Bergm an9, with a slight variation in the workup. 
Under a nitrogen atmosphere, biphenyl (.86g, 5.5 mmol), carbon 
disulfide (25 ml) and alum inum trichloride (1.2g, 8.9 mmol) were added 
to an oven-dried, round-bottom  flask. This was fitted  with an addition 
funnel, charged with biphenyl acid -n loride( 1.15 g, 5.3 mmol) and
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carbon disulfide (25 ml). The contents of the addition funnel were 
added dropw ise to the mixture and stirred for 24 hrs. The CS2 had 
evaporated, so the olive-green m ixture was poured on to 350 ml water 
and 30 ml concentrated HCI. This was extracted with methylene 
chloride, and the organic layer was dried over magnesium sulfate. The 
ketone was a golden solid, with a crude yield of 85.8%  (1.52 g), mp. 
231.5-234° C . Recrystallization from benzene resulted in 51.4% yield, 
mp. 235-236° C. Lit. mp. 233-234° C. 1H-NMR (CDCI3): 5 7.31-7.69 (m). 
Mass spectrum : m/e: 181 (base), 334 (parent). IR (nujol, cm *1): 1640.
g-phenyl ethyl phenvl ether: This ether was obtained by repeating the
synthetic route outlined by Hart and Eleuterio12. The product was 
distilled and collected between 118-123°C at 3 torr (ca. 40.8 % yield). 
Lit. bp. 143-145°C at 10 torr. 1H-NMR (CDCI3): « 6.75-7.5 (m, 9.2 H), 
5.2-5.4 (q, 1H, J -6  Hz), 1.5-1.8 (d, 3H, J -6.2 Hz).
P henyl-d iphanvl m ethvl ether: All of the preparations by Schorigin13, 
W ittig and C lausnizer14, and Busch and Knoll15 result in this ether. The 
isolation and purification steps involved a fte r obtaining the crude 
residue was the same for all three procedures. Chrom atographic 
separation w ith a 5% ethyl acetate/hexane solvent system , resulted in 
the presence of the ether in the second fraction. A small amount of 
delica te, s ligh tly  yellow  crysta ls form ed and was care fu lly  
recrysta llized tw ice, from ethanol (9.5% yield from the W ittig prep.) 
mp. 47-48°C. Lit. mp. 52.5-53° C. 1H-NMR (CDCI3):8 6.8-7.5 (m, 15H), 
6.2 (s,1H). IR (nujol, c m '1): 1220. Mass spectrum: m/e: 260 (parent) 
167 (base). Anal, calcd. for C ig H -jg  O: C, 87.66%: H, 6.20%.
Found: C, 87.27%; H, 6.15% .
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